The air traffic in the Arctic airspace is continuously increasing, as it is in most other airspaces. This air traffic needs the same level of ATM safety as air traffic further to the south. The lack of ground infrastructure and satellite coverage make however the provision of such ATM services at high latitudes difficult. One solution to this challenge is to deploy satellite communication systems using non-geostationary orbits with good coverage at high latitudes. In this work satellites using highly elliptical orbits (HEO) have been considered. In this publication aspects related to air traffic in these areas, such as user categories, traffic volumes and services, are described in the 2020-2030 time frame. As a continuation of this work the impact on system design and dimensioning will be assessed.
Introduction
Air traffic has increased tremendously over the resent decades. With some periods of a less steep traffic increase, e.g. after the 9/11 catastrophe, the growth rate has been relatively high and continuous. In Europe, growth is estimated to 100% of the current traffic by 2030. To accommodate this predicted increase, the capacity of the Air Traffic Management (ATM) system needs to be improved. The most demanding challenge will be to handle the traffic growth in areas with dense traffic. Exchange of correct and timely information with related automation and optimization of traffic management will be one of the key elements of enhanced capacity.
In the U.S., the NextGen program is introduced to transform the national air transport system to meet future demands. NextGen moves away from ground based navigation and surveillance aids towards satellite based systems. Digital communication and networking are important to the new regime, and will allow reduced separation minima and increased capacity. Single European Sky ATM Research (SESAR) [1] is the European equivalent to NextGen. SESAR aims at developing the new generation air traffic management systems capable of ensuring the safety and fluidity of air transport worldwide over the next 30 years, targeting a threefold increase of capacity by 2020. Based on what we have seen during the definition of both NextGen and SESAR, the aviation industry, and in particular ATM, stands in front of a paradigm shift.
Aviation is a world wide activity, and avionics need to be interoperable between the U.S., Europe, Asia and the rest of the world. An area of special interest, and which connects North America, Europe and Asia, is the Artic. The question is how to satisfy the SESAR and NextGen ATM requirements in this remote area with little or no ground infrastructure.
History of Cross Polar Routes
Commercial airlines have been flying in the polar region north of the Arctic Circle for more than 40 years. In 1954, Scandinavian Airlines System (SAS) inaugurated DC-6B service from Copenhagen to Los Angeles via Sondre Stromfjord. In 1957, SAS began polar service from Copenhagen to Tokyo via Anchorage. From that time through the mid-1980s, flights through the polar region increased as Anchorage became the primary stopping point for passenger traffic between Europe and East Asia. In 1983, Finnair inaugurated the first nonstop service from Europe to Japan by flying from Helsinki north through the polar region and down the Bering Strait to Tokyo.
Today, hundreds of flights operate each week over the interior of Russia en route between Europe and Asia. Similarly, a large volume of traffic crosses the Atlantic north of Iceland and the Arctic Circle on flights between Europe and the West Coast of North America.
Development of new cross-polar routes began in 1994 when the Russian government initiated work with the airlines and the international community to establish a series of polar routes through its airspace. In 1998, the Russian government gave the right to open four polar routes referred to as Polar 1, 2, 3 and 4.
The opening of the polar routes benefited airlines and passengers in several ways. The required flight distances from North America to Asia were substantially reduced, allowing new city pairs to be connected with direct service. As a result, airlines are able to bring better service to passengers by offering nonstop flying from North America to Asian destinations.
The more direct routing also provides significant time and fuel savings. Flight times are reduced by an hour or more, and fuel requirements are reduced by several thousand pounds. The savings are even greater if a polar route eliminates the need for an intermediate stop. The combined effect of these savings is reduced operating costs, lower emissions levels, and more competitive fares for passengers.
Despite savings both for airlines, passengers and environment, there are several hurdles by using the Polar Routes, e.g.:
• The need of a special permit to fly, These limitations result for example in the unavailability of some ATM safety nets, e.g. Controller Pilot Data Link Communication (CPDLC), which can be unreliable north of 80ºN. The different standard for measuring aircraft height, feet and meter, can be a safety risk and reserves several flight levels only for one aircraft to be able to do the conversion.
In 2008 the Russian Federation experienced a traffic increase of 17,6% of overflights using the Polar Routes. Based on expected traffic growth the high latitudes and the polar areas need to be brought up to the standard of today with regard to infrastructure and interoperability. Further, it is important to be included in the world wide aviation network and be benchmarked against the expected standards of NextGen and SESAR. In order to achieve globally interoperable and compatible solutions, coordination between SESAR and NextGen is necessary.
Satellite Coverage in Polar Areas
The European Space Agency (ESA) is collaborating with SESAR to develop a satellite communication system for ATM complementary to terrestrial systems. Over continental Europe the satellite system may ease the capacity shortage, and over oceanic, polar and remote (OPR) areas it may increase the coverage by providing ATM services in areas out of reach of the terrestrial L-band communication system. The baseline satellite system covering Europe will consist of two geostationary (GEO) satellites, providing the level of quality and availability required by an ATM system. A problem related to the geostationary satellite system is the lack of coverage at high latitudes. Therefore a constellation of satellites in highly elliptical orbits (HEO) is considered as an addition and complementary to the baseline GEO system. The system is planned to be operative in year 2020.
The background for the work presented in this publication is the interest for and need to design a satellite communication system providing the same level of ATM security over northern and polar areas as over areas further to the south.
Geostationary satellites may provide coverage up to 74°N -82°N. A natural transition between GEO and HEO coverage would however be placed further to the south, at 72°N -73°N. There is only one airport above this latitude, at Longyearbyen on Svalbard (located at 78°N). Hence, there will be little local or regional scheduled air traffic in this area. Unscheduled air traffic, and the diversity of it, will however increase in the coming years due to increased activity within oil production, increased sea traffic due to reduction of the ice cap, and less restrictions on the scheduled cross polar air traffic. Currently the number of cross polar routes between North-America and Asia is limited to four, but it is expected that increased cooperation and coordination between the relevant aviation authorities will make cross polar air traffic more flexible in the future.
In addition to the Arctic, the use of a HEO satellite system for ATM services in the Nordic countries Norway, Sweden and Finland is considered. There are several reasons why a HEO satellite system is of interest in these countries. They have large areas with little ground infrastructure, and the scenery is often mountainous with valleys providing limited coverage from a geostationary satellite. A HEO 4.B.4-2 satellite system could significantly increase the ATM coverage or reduce the cost for ground infrastructure in these areas. Moreover, the offshore helicopter traffic to platforms in oil fields far to the north such as the Shtokman field in the Barents Sea will have problems communicating via a geostationary satellite. Hence, a HEO satellite system will enhance the ATM services required for this traffic.
Two different orbits are considered in the design of the HEO satellite system; Molniya and Tundra. Molniya satellites have the advantage that they may provide good coverage over both North-America and Europe, while Tundra satellites which are geosynchronous primarily provide coverage over either Europe or North-America. With respect the possible cooperation across the Atlantic, the Molniya orbit may therefore open some possibilities.
User Categories
The users of ATM services that may benefit from a HEO satellite system in these areas can be grouped into a number of categories. These are described in this section.
Scheduled Activity
There is a steadily increasing volume of cross polar flights. Currently four polar routes are defined between the North American continent and Asian countries such as Japan, China, India and Pakistan. The website of the Cross Polar Working Group (CPWG) provides statistics of the number of cross polar flights. Figure 1 shows the evolution over the last two years. The number of flights per month is in the order of 600-800, and the trend is that the number increases with time. Still, compared to the traffic over e.g. continental Europe, the amount of ATS communication in Arctic areas is and will continue to be modest. 
Figure 1. Number of Cross Polar Flights per Month
Concerning the Nordic countries, the population is small compared to continental Europe. However, in Norway with less than 5 million inhabitants there are more than 50 airports with scheduled traffic. Despite its small population base compared with the rest of Europe, the air travel market is considerable. Topographical and geographical conditions and long distances mean that air travel between several destinations is the sole possible means of transportation, in particular for business travel. In Scandinavia per capita air travel averages 3.2 trips per year, which is considerably more than the rest of Europe. Between the largest cities high speed train is an alternative to air travel, but the availability of high speed trains is still limited. There are however concrete plans to invest in more high speed trains, especially in Sweden.
Non-Scheduled Activity
Non-scheduled flights have somewhat different purposes in the three Nordic countries. In Finland non-scheduled flights are focused around business travel, but also ambulance flying, charter/taxi and calibration flights. The non-scheduled small aircraft activity in Norway is focused around ambulance flying, charter/taxi, surveillance, inspections, aerial photography, advertisement and towing exercises. The non-scheduled activity in Sweden is focused around ambulance flying, charter/taxi, surveillance, inspections, aerial photography, advertisement and towing exercises. Compared to Finland and Norway charter companies are more dominant in Sweden.
4.B.4-3

General Aviation (GA)
Due to a high standard of living, large land areas, geographically spread population and industry, aviation is one of the major forms of transportation in Norway, Sweden and Finland. This results in a high number of private owned aircraft used for own transportation or leisure.
In the northernmost county in Norway, Finnmark, there are some restrictions on GA activity, related to where it is allowed to land and a requirement to submit a flight plan. Still, there is some activity, and it is especially popular for tourists going by their own plane to North Cape, which is at 71˚N and the northern outskirt of the European continent. In Sweden and Finland there is GA activity related to hunting, fishing and hiking. The regulations are not as strict as in northern Norway.
Despite a relative high number of small aircraft involved in General Aviation, this category will pose very limited requirements on a satellite communication system, due to its low cost profile, light weight, limited budget for retrofits and often operating without the involvement of AOC and ATS.
Helicopter Activity
The helicopter activity in the Scandinavian countries is large compared to the scarcely population. In Norway there are more than 200 helicopters operating within different branches. These activities are school flying, taxi flying, photo, advertisement, spraying, freight, and so on. But the main part of the Norwegian helicopter activity is passenger transportation between the main land and the continental shelf. Helicopters are the preferred means of transport for personnel to and from offshore installations due to their speed, convenience and flexibility of use, even during severe weather conditions. Apart from these considerations, helicopter transport is seen as healthier and less hazardous with regard to reduced travel sickness and easier personnel transfer onto an offshore location compared with ship transportation. The activity in the North Sea includes crew change, in-field shuttle, and SAR services supporting many Norwegian oil and gas operations.
The helicopter activity in Finland, Norway, including Svalbard, and Sweden can be divided into three main areas;
• Operations related to the oil industry, which by far is the largest activity.
• Ambulance flying & SAR flying, border control and coastal guard.
• General helicopter operations including small scale passenger transport, aerial photography, surveillance, inspections, tourist transportation, reindeer husbandry, drop operations, advertisement and so on.
Military Activity
The armed forces in the Nordic countries all have a substantial activity, but it is mainly the Royal Norwegian Air Force that operates in the northernmost areas. Over high seas in the oceanic north and in the polar region, armed forces from other nations occasionally have flights.
The total number of medium to large military aircraft in the three countries, including fighter aircraft, is more than 450, and there are about 170 military helicopters and 15 Unmanned Aerial Vehicles (UAVs).
There are in addition large and complex exercises with more than 100 participating aircraft, helicopters and UAVs every year within the area. Daily operations and exercises demand a considerable amount of CNS capacity, especially concerning network centric warfare principles.
Military CNS often operates within the civil spectrum using civil equipment, although some of the CNS specifications are military, e.g. with regards to reliability and security. Military aviation and civil aviation have different objectives, and hence different requirements. However, in the future, with the limited capacity within the civil sector there will be a need to operate in a coordinated way and with interoperable standards and equipment. To some extend, e.g. concerning use of airspace, this is taken care of through the Flexible Use of Airspace (FUA) concept and the future implementation of the Single European Sky (SES).
Other Activities
Norwegian Polar Institute
The Norwegian Polar Institute operates normally one to two helicopters in the Arctic from March to September. The helicopters operate from a research 4.B.4-4 vessel or field camps at Svalbard (between 74˚ N and 81˚N). Main activities are concentrated around Svalbard, but stretches west towards Framstredet and east towards Novaja Semlja. The Institute expects new vessels with helicopter pads for medium size helicopters to be ready in 2012. This will increase the helicopter activity, especially into the Polar Basin.
Operationally the requirement is to relay the position of the aircraft beyond the horizon. Today, this is done by HF or IRIDIUM satellite communication only with partially success. Reliable voice communication and real time automatic position tracking would be of great interest. With satisfactory bandwidth, something which does not exist today, the Institute suggests that there will be both operational and scientific interest in transmitting sensor data from the helicopter, for example live video reporting the ice condition of the sailing route, ice melt situation or number of seals on the ice.
With improved communications the Institute suggests that UAVs would be used for data collection and surveillance to a greater extend than today. Today Iridium is used to some extend, but it would be useful to have a more suitable satellite, e.g. for reprogramming of the UAV flight track.
Barneo Base
The Barneo base is a Russian base on the drifting ice in the vicinity of the North Pole. In 2007 the base was located approximately 100 kilometers from the pole. The base has been set up regularly in the recent years, but because of the drifting ice, the base and runway needs to be prepared every season. The base is used by scientists and as a forward base for adventurers going to the pole. The runway serves aircraft up to the size of Antonov 74 for cargo and passengers. In conjunction to the base there is also quite a lot of helicopter activity, flying to the geographical North Pole and other places in the Arctic.
Northern Sea Route
The Northwest Passage and the Northeast Passage are getting ice-free and available for sea transportation from the Atlantic Ocean to the Pacific Ocean respectively along Northern America and the Russian Federation. This reduces the travel time considerably, but the climate and ice conditions are still very difficult. The increase in ship traffic will bring increased requirements for surveillance and search and rescue in the area. A substantial part of the increased surveillance and search and rescue will be done by air, and this may give raise to new demands for services and coverage in the northern and polar region.
Future Air Traffic Estimations
In order to derive capacity requirements for the future HEO system, both current and future air traffic within the coverage area were estimated. Current air traffic estimates in the Nordic countries were based on traffic data received from the Air Navigation Service Providers (ANSPs) in Finland, Norway and Sweden. The data was split in different user categories, but unfortunately on different forms and registered in different ways. Therefore some adaptations needed to be made in order to compare and summarize the data. The traffic data was used to estimate Peak Instantaneous Aircraft Count (PIAC) per category, i.e. the maximum number of aircraft within the different categories that simultaneously would require ATC and AOC services within the coverage area. For the polar area, the numbers from the CPWG statistics (see Fig. 1 ) were used.
Future PIAC numbers for the Nordic countries were estimated using the current PIAC estimates (by category) and the predicted yearly growth values per country established by EUROCONTROL. 1 
EUROCONTROL Air Traffic Statistics and
Forecasts, STATFOR, keeps detailed statistics on European traffic as per given day. The monitoring and registering of daily flights are used by STATFOR to provide forecast on short term, medium term and long term. The long term traffic growth forecast [2] is divided into four scenarios numbered A, B, C and D. These scenarios represent different possible futures with qualitative differences. In this work scenario A, which provides the highest numbers, is used. This scenario represents a strong economic growth within Europe over the time period considered. EUROCONTROL does not provide any growth numbers for the Polar region. ESA has however financed a study performed by the University in Salzburg [3] where yearly future growth numbers are estimated. These numbers were used in this study as well. 
Services
ATS and AOC services beyond 2020 will be mainly data-link services and not voice services. To predict future services is however not an easy task. The approach taken by different studies in both Europe and the U.S. is generally an extrapolation of current practices in terms of procedures and functionalities. Another approach would be to consider the future concept of operations such as 4D trajectories, System Wide Information Management (SWIM), collaborative decision making etc., and do an assessment of what is needed of information exchange between air and ground to implement these concepts. Currently these concepts of operations are not very mature, making such an assessment difficult. This will however change as SESAR and NextGen progress.
The work presented in this publication is following the former approach, and is based on the COCR report from EUROCONTROL/FAA's Future Communication Study (FCS) [4] . The purpose of the COCR document is to identify concepts, requirements and trends supporting the selection of the Future Radio System (FCS). It covers a magnitude of services, which may all not be required during a deployment of satellite services in high latitudes. The services considered here are mainly a sub-set of those considered in another ESA financed project within Iris phase A called ICOS. This project considered services for the European Civil Aviation Conference (ECAC) region, which again is a sub-set of the services considered in the COCR report. In addition to the services considered in the ICOS project, the M-ADS service used by helicopters in the Northern Sea is included in this study.
The most demanding ATC services for scheduled and non-scheduled flights will be COTRAC which will be used to establish and coordinate trajectory agreements in real time, D-ORIS providing the flight crews with compiled meteorological and operational flight information, and FLIPINT which provides information in the event of inconsistencies between the ATC flight plan and the flight plan activated in the aircraft's FMS. The most demanding AOC services seem to be FLTPLAN for requests and transmissions of AOCdeveloped flight plans, and WXTEXT initiated by flight crew requesting airport weather information. General aviation and helicopters will require fewer ATS and AOC services, and consequently constitute a smaller contribution to the total data traffic compared to scheduled and non-scheduled traffic It is clear that the aggregate data traffic generated in the Nordic countries and in the polar region will be small compared to the data traffic generated in continental Europe. This may be a challenge when building a business case for a system dedicated to northern latitudes. If the same level of safety is to be assured in remote areas as in central areas however, systems must be developed to assure the same level of ATS and AOC services also in polar areas. In that perspective, user requirements for northern and polar regions will be important for the development of future ATM systems.
Modified Automatic Dependant Surveillance (M-ADS)
Helicopter traffic over the North Sea is performed both in controlled and uncontrolled airspace over international waters. The lack of radar coverage makes the establishment of controlled airspace difficult. Based on several incidents and accidents in the helicopter traffic to and from oil installations along the Norwegian coast, and an impression that the safety was not up to what should be expected, two official Helicopter Safety Studies (Helicopter Safety Study 1 and 2) were conducted. The studies investigated risks and safety issues for the helicopter traffic related to the oil industry. Among the recommendations brought forward by the studies was to improve the communication between helicopter and ATS in areas outside radar coverage. A third study is initialized, and in addition to risk analyses and risk mitigation it will look at developments in traffic volume, use of new technology and consequences for helicopters for the The avionics in the aircraft is connected to the M-ADS unit, which again, through its satellite communication equipment sends messages via an INMARSAT satellite. The satellite sends the messages to a ground earth station (GES) located at Eik, Norway. From the GES the signal is sent to the respective Air Traffic Control Centre (ATCC) via X25 data line, and will be shown as an ADS-blip in the controllers radar screen. Position messages get a "timetag" and are sent through a prioritized satellite channel. Other messages may be sent through a different satellite channel, depending on the urgency and the contract. One of the main benefits of M-ADS is full coverage down to sea level, e.g. in case of an emergency where the helicopter has to land at the sea.
The satellite communication part of the M-ADS system is absolute necessary to fulfill the Norwegian CAA's requirement to have coverage down to sea level. At the moment, the M-ADS have technical support until 2014. The availability of spare parts and new "boxes" is limited, the system is quite heavy (approx 19 kg) and rather expensive, both to install/retrofit and the communication costs are relatively high. There are some capacity shortcomings in the signal update rate and the system is not air-to-air (broadcast). A work group of The Committee for Helicopter Safety on the Norwegian Continental Shelf concludes that there should be looked for replacement systems for the future. The replacement systems should follow certified standards and be commercially available. In their recommendation Multilateration and ADS-B are mentioned. These systems do however not fill all the requirements based on coverage over the continental shelf and in the northern areas. To cover the whole coast from Ekofisk to areas north of Finnmark it is estimated a requirement of 30 ADS-B ground stations. It seems like satellite coverage would be a necessity, especially for non-stationary installations. The work group suggests enhancing ADS-B with satellite communication, at least below a certain level.
Possible future areas of interest could be transmission via satellite of the helicopter technical status (Vibration Health Monitoring system VHM/HUMS) and Flight Data Recorder information. Other areas which have been discussed are satellite precision landings by helicopter at platforms.
Conclusions
In this publication, different user groups depending on ATM services in Arctic and northern airspaces are described. The air traffic, and the diversity of it, will only increase in the coming years due to increased activity within oil production, increased sea traffic due to reduction of the ice cap, and less restriction on the transcontinental cross polar air traffic and also continental/local air traffic as the different airspace authorities become more coordinated. Due to the vast areas and lack of ground infrastructure, these users will depend on satellite based communication systems. A HEO satellite constellation is in this respect a realistic alternative. The background for the work presented in this 4.B.4-7 4.B.4-8 publication is therefore the interest and need to design a satellite communication system providing the same level of ATM security over northern and polar areas as over areas further to the south.
As a continuation of this work system requirements and parameters useful for the dimensioning and design of the satellite system will be derived.
